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© Novel functionalized polyolefins. 

© Alkali metal-metallated polyolefins based on one 
or more aliphatic monoalpha-olefins, having a num- 
ber average molecular weight in the range of from 
175 to 250000, and containing an ally I anion with an 
alkali metal counter ion, wherein the allyl anion is 
based on a vinylidene group which is contained in a 
terminal monomer unit of individual polyolefin mol- 
ecules, or originates therefrom. 
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The present invention relates to novel func- 
tionalized polyolefins and more in particular to al- 
kali metal-metallated polyolefins, to a process for 
the preparation of said polyolefins and to their use. 

Organo-alkali metal compounds, such as for 
example organo-lithium compounds and more in 
particular alkyMithium compounds, are widely used 
as polymerization initiators in anionic solution poly- 
merization processes. 

A well-known class of polymers which can be 
advantageously prepared by such an anionic poly- 
merization process, are the so-called block 
copolymers, i.e. linear or branched polymers 
wherein the polymer molecules are characterized 
by the presence of at least two polymer blocks 
which differ in chemical composition and/or con- 
figuration. A further feature of said block 
copolymers is that generally they have a narrow 
molecular weight distribution. The majority of the 
commercially available block copolymers are gen- 
erally at least based on monoalkenylarene and/or 
conjugated diene type monomers; the use of the 
latter type of monomer resulting in polymers hav- 
ing olefinically unsaturated polymer blocks. 

For a number of applications it would be desir- 
able or advantageous to have block copolymers 
comprising well-defined saturated polyolefin blocks 
in addition to for example blocks based on monoal- 
kenylarene and/or conjugated diene type mon- 
omers. However, it is known that it is very difficult if 
not impossible, to prepare such- polymers via the 
hereinbefore mentioned anionic polymerization pro- 
cess. Such saturated polyolefin block containing 
polymers can, however, be prepared via an indirect 
route, i.e. via a selective hydrogenation of block 
copolymers comprising conjugated diene based 
blocks. 

This approach is not only disadvantageous in 
that it introduces an additional process step, but 
moreover it is also known that the commonly used 
nickel based hydrogenation catalyst is very sen- 
sitive to the presence of polar substances. This 
could, for example, be the case when the block 
copolymer to be hydrogenated, contains polar en- 
tities, such as, for example, a polar polymer block. 
Finally, such a hydrogenation procedure may also 
have to be followed by a step for isolating the 
hydrogenation catalyst at the end of the reaction. A 
further disadvantage of this procedure is that the 
type of polyolefin block thus prepared will always 
be governed by the nature and configuration of the 
conjugated diene based precursor block, and finally 
it does not allow the preparation of a block 
copolymer comprising a saturated polyolefin block 
and a conjugated diene block. 

In Japanese published Patent Application J5 
9179-527-A a method has been described for the 
preparation of a propene-styrene derived block 



copolymer, which comprises reacting a halogenat- 
ed polypropene with a lithiated polystyryl polymer 
species obtained by anionic polymerization of sty- 
rene. This method has the disadvantage in that it 
5 only allows the preparation of diblocks while it 
furthermore involves the use of halogens or halo- 
gen compounds. 

In Japanese published Patent Application J6 
2054-71 2-A a method has been described for the 
70 preparation of modified polyolefins by polymerizing 
an alpha-olefin in the presence of a Ziegler-Natta 
catalyst and subsequently reacting said polyolefin 
with an organo-lithium compound and subsequently 
copolymerizing the thus prepared polymer with ad- 
75 ded styrene. The polymerization catalyst in the 
presence of which the polyolefin is prepared, is a 
heterogeneous catalyst system, the use of which is 
known to result in polymers having a very high 
molecular weight and a wide molecular weight dis- 
20 tribution, while only a relatively small percentage of 
the thus prepared polyolefins will have an 
olefinically unsaturated group in a terminal seg- 
ment of the polyolefin molecule. It will be appre- 
ciated by those skilled in the art that the metal- 
25 lation of these polyolefins will result in polyolefin 
compositions wherein only a small percentage of 
the polyolefins carry an alkali metal atom in a 
terminal segment of the polyolefin molecule, while 
the majority of polyolefins will be randomly metal- 
30 lated, including a polymetallated, as well as non- 
metallated polyolefins. Due to the heterogeneous 
distribution of the alkali metal atoms, said metal- 
lated polyolefin compositions will be of little value 
as anionic polymerization initiator in the preparation 
35 of block copolymers, as it will not result in substan- 
tially linear, living polymer containing saturated 
polyolefin blocks. 

In German published Patent Application 1 595 
359 an anionic polymerization process for the prep- 
40 aration of block copolymers has been described, 
wherein the polymerization initiator is based on 
saturated polyolefins having a K-value of 12-40 and 
an average molecular weight of 250-50000. As the 
polymerization initiators mentioned hereinbefore 
45 were obtained via metallation of said saturated 
polyolefins it will be appreciated that the metal 
atoms will be randomly distributed along the 
polyolefin chains, and that the metallated 
polyolefins may include a considerable amount of 
so polymetallated molecules. Hence, the polyolefin 
blocks of the block copolymers derived therefrom 
will not be well-defined blocks, while moreover the 
block copolymer may also vary in composition 
when the initiator included polymetallated species. 
55 Hence, it can be concluded that there is con- 

siderable need for improvement in the preparation 
of block copolymers containing well-defined satu- 
rated polyolefin blocks. 
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The problem underlying the present invention 
is to develop a method for the preparation of such 
block copolymers which does not suffer from one 
or more of the disadvantages as described herein- 
before. 

With the term "well-defined " as used through- 
out the present specification is meant that the 
saturated polyolefine blocks have an un branched 
backbone and are substantially terminally connect- 
ed to other blocks. 

As a result of extensive research and experi- 
mentation, it was surprisingly found that it is possi- 
ble to prepare block copolymers comprising at 
least a well-defined saturated poly olefin block in 
addition to e.g. a monoalkenylarene based polymer 
block, a conjugated diene based block and/or a 
block based on a polar monomer, via an anionic 
polymerization process wherein the organo-alkali 
metal polymerization initiator is based on selected 
polyolefins i.e. polyolefins having at least a 
vinylidene group in a terminal monomer unit-based 
segment of the polyolefin chain or originating 
therefrom, as defined hereinafter. Said organo-alkali 
metal initiators mentioned hereinbefore are novel 
and form an aspect of the present invention. Said 
initiators will actually represent polyolefins contain- 
ing an allyl anion with an alkali metal counter ion 
and will be referred to as such hereinafter. 

Accordingly, the invention provides alkali metal 
metallated polyolefins based on one or more al- 
iphatic mono alpha-olefins, having a number aver- 
age molecular weight in the range of from 175 to 
250000, and preferably from 1000-50000 and con- 
taining an allyl anion with an alkali metal counter 
ion, wherein the allyl anion is based on a vinylidene 
group which is contained in a terminal monomer 
unit of individual polyolefin molecules, or originates 
therefrom. 

In the context of the present invention the term 
"terminal monomer unit" refers to a terminal seg- 
ment of the polyolefin molecule or chain, which 
corresponds with the contribution to that molecule 
of a single monomer, while the term "or originates 
therefrom" refers to a vinylidene group which was 
originally present in a terminal monomer unit of the 
polyolefin molecule but as a result of e.g. 
isomerization, occupies a position at a somewhat 
greater distance from said terminal segment. 

The aliphatic monoalpha-olefins from which the 
metallated polyolefins of the present invention are 
derived, preferably have 2-18 carbon atoms per 
molecule and more preferably from 2 to 12 carbon 
atoms per molecule as exemplified by ethene, pro- 
pene, butene-1, 3-methylbutene-1 . hexene-1 and 
octene-1. Still more preferably said monoalpha- 
olefins have 2-4 carbons, propene being the most 
preferred monoalpha-olefin. 



Although the polyolefins as described herein- 
before, include both homo- and copolymers, there 
is a preference for the polyolefins to be homo- 
polymers. When appropriate, a polyolefin homo- 
s polymer may occur in any one of its tacticities (or 
stereo configurations) such as isotactic, syndiotac- 
tic and atactic, the latter configuration being pre- 
ferred. 

The nature of the alkali metal which forms the 
io counter-ion of the allyl anions in the polyolefins of 
the present invention, is not critical and may be 
any one of the alkali metals, with a preference for 
lithium. 

The alkali metal-metallated polyolefins of the 
75 present invention may conveniently be prepared by 
metallating suitable polyolefin precursors via known 
metallating procedures, such as have been de- 
scribed in e.g. L. Brandsma: Preparative Polar Or- 
ganometallic Chemistry, Vol. 1, Springer Verlag 
20 1987, and idem Vol. 2, Springer Verlag 1990. Said 
metallation procedure comprises contacting a 
polyolefin having at least a vinylidene group in a 
terminal monomer unit of the polyolefin chain as 
described hereinbefore, with an organo-alkali metal 
25 compound in the presence of potassium tertiary 
butoxide or a tertiary amine, which tertiary amine is 
preferably a ditertiary amine such as for example 
tetramethylethylenediamine. Said metallation can 
be conducted in the presence of one or more inert 
30 hydrocarbon solvents, such as for example satu- 
rated aliphatic or cycloaliphatic hydrocarbons hav- 
ing from 4 to 20 carbon atoms and preferably from 
5 to 10 carbon atoms per molecule, as exemplified 
by pentane, hexane, heptane, isooctane, cyclopen- 
35 tane, cyclohexane and decane. 

It will be appreciated that the amount of solvent 
employed with respect to the amount of polyolefin 
to be metallated, will primarily be governed by the 
molecular weight of said polyolefin and the re- 
40 quired viscosity of the polyolefin solution during the 
metallation reaction. It should, however, be suffi- 
cient to facilitate adequate mixing of the reactants 
and stirring of the reaction mixture. The metallation 
of the hereinbefore described polyolefins can be 
45 conducted under moderate reaction conditions, 
such as for example a temperature in the range of 
from -50 to 150 *C, with a high yield. In general at 
least 70% of the polyolefin molecules thus treated 
and more typically 95% or more will carry an alkali 
so metal atom. 

The precursors of the functionaiized polyolefins 
of the present invention, i.e. polyolefins having a 
molecular weight in the range of from 175 to 
250000 and preferably from 1000 to 50000 and 
55 containing at least a vinylidene group in a terminal 
monomer unit of the polyolefin chain, or originating 
therefrom, can conveniently be prepared via known 
technology, i.e. by polymerizing one or more al- 
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iphatic monoalpha-olefins in the presence of a 
homogeneous Ziegler-Natta catalyst, such as has 
been described for example in Polymer, 1984, Vol. 
30, March pp. 428-431 .. 

The polyolefin homo- and/or copolymers pre- 
pared in the presence of a homogeneous Ziegler- 
Natta catalyst, are not only well-defined products in 
that they are characterized by the presence of a 
vinylidene group as described hereinbefore in sub- 
stantially all the polyolefin molecules, but also by 
having a narrow molecular weight distribution, as 
indicated by the Q(= M w /M n ) value generally being 
in the range of from 1.8 to 5.0, and sometimes 
even being as low as 1.1. 

Another aspect of the present invention is the 
use of the polyolefins having at least an ally! anion 
group with an alkali metal counter ion as described 
hereinbefore. It will be appreciated that these alkali 
metal-metallated polyolefins can also be consid- 
ered to be "high molecular weight" organo-alkali 
metal compounds and hence could be of potential 
interest for use instead of low molecular weight 
organo-alkali metal compounds, such as for exam- 
ple n-butylltthium (n-BuLi). 

One of the most well-known outlets for said 
organo-alkali metal compounds is as polymeriza- 
tion initiator in anionic polymerization processes. It 
could be confirmed by additional experimentation 
that the alkali metal-metallated polyolefins of the 
present invention could indeed be advantageously 
used as polymerization initiator in an anionic poly- 
merization process for the preparation of block 
copolymers com prisi ng at least a saturated 
polyolefin block. The saturated polyolefin blocks of 
the thus prepared block copolymers, have their 
origin in the organic part of the polymerization 
initiator used and will thus have the same char- 
acteristics. 

In view of the technology employed, said 
metallated polyolefins of the present invention have 
become available in solution form, i.e. the reaction 
mixture of the metallation procedure, which may 
also comprise any excess metallation reagent, such 
as for example BuLi. For use as polymerization 
initiator their availability in solution form is consid- 
ered to be an advantage as the preparation of the 
block copolymers as described hereinbefore is 
generally conducted in the presence of a hydrocar- 
bon solvent, such as of the type wherein the metal- 
lated polyolefins may be dissolved. However, be- 
fore the polymerization initiator can actually be 
used, any residual metallation reagent has to be 
removed as it would interfere with the subsequent 
polymerization. Known selective methods for selec- 
tively destroying the residual metallating reagents 
include thermafand chemical treatment. 

Chemical treatment can be carried out by 
means of ethers as was known from e.g. C. Wilkin- 



son et al, "Comprehensive Organometallic Chem- 
istry", Vol. 1, Pergamon Press 1982, from P.A.A. 
Klusener, "Synthetic Applications of Strongly Basic 
Reagents", Thesis R.U.U., 1989, and from the pub- 

5 lication of L. Brandsma, to which has been referred 
hereinbefore. Suitable ether which may be suc- 
cessfully applied for said selective inactivation are 
selected from tetrahydrofuran,1,4-benzodioxan; 1,2- 
dimethoxy ethane and diethyl ether. 

10 In particular, tetrahydrofuran has been exper- 

ienced as being a preferred agent for said chemi- 
cal treatment, which treatment may comprise stir- 
ring the metallated polyolefin containing reaction 
mixture e.g. at room temperature with an at least 

75 equi molar quantity of tetrahydrofuran with respect 
to that of the organo-alkali metal originally added. 

The viscosity of said metallated polyolefin solu- 
tion is not critical but for sake of convenience 
should allow easy handling and mixing with other 

20 compounds already present in the polymerization 
mixture. 

The saturated polyolefin block containing block 
copolymers can be prepared via an anionic poly- 
merization procedure, which comprises polymeriz- 

25 ing an anionically polymerizable compound in the 
presence of an organo-alkali metal initiator com- 
pound and at least an inert hydrocarbon solvent, 
wherein the organo-alkali metal initiator compound 
comprises a polyolefin of the present invention. 

30 The metallated polyolefin initiator may be ad- 

ded to the reactor as a hydrocarbon solvent solu- 
tion, which solution was conveniently obtained by 
treating the reaction mixture of the polyolefin 
metallation procedure as described hereinbefore. 

35 Preferred polymerizable monomers are 

olefinically unsaturated compounds selected from 
the group consisting of monoalkylene arenes, con- 
jugated dienes and (meth)acrylic acid based mon- 
omers. Preferred monoalkenylarene monomers for 

40 use in the preparation of said block copolymers 
include styrene, alphamethylstyrene and ringsub- 
stituted styrenes, of which styrene being most pre- 
ferred. 

Preferred conjugated dienes contain 4 to 12 
45 carbon atoms and include 1 ,3-butadiene, isoprene, 
2,3-dimethyl-1 ,3-butadiene, 2-methyM ,3-pen- 
tadiene, 1 ,3-pentadiene, 2,3-dtmethyl-1 ,3-pen- 
tadiene, 2-methyl-3-ethyM ,3-pentadiene, 2-phenyl- 
1 ,3-butadiene, 1 ,3-hexadiene, 2,4-hexadiene, 1,3- 
50 cyclohexadiene and mixtures thereof; 1 ,3-butadi- 
ene, isoprene and mixtures thereof being most 
preferred. 

(Meth)acrylic acid based monomers include al- 
kyl acrylates and methacrylates such as ethyl ac- 
55 rylate, butyl aery late, methyl methacrylate and tert- 
butyl methacrylate. Other useful monomers include 
acrylonitrile, acrylamides, dialkyl-acrylamides and 
vinyl heterocyclic compounds. Monoalkylenearene 
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and conjugated dienes are the preferred monomers 
to be used in the process for the preparation of the 
block copolymers containing at least a saturated 
polyolefin block. 

The amount of metallated polyolefin polymer- 
ization initiator to be employed will primarily be 
determined by the molecular weight of the desired 
block copolymer. Generally the amount of initiator 
is in the range of from 1 to 1000 and preferably 
from 5 to 100 milli-equivalents of alkali metal per 
100 g of total monomer. The polymerization is 
conveniently conducted in the presence of one or 
more inert solvents and/or diluents. Suitable inert 
solvents and/or diluents include hydrocarbon com- 
pounds such as pentane, hexane, heptane, 
cyclohexane, benzene, toluene and ethylbenzene; 
linear or cyclic ethers such as diethyl ether, 
tetrahydrofuran, dioxane and the dimethyl ether of 
ethylene glycol. 

The amount of solvent and diluent to be em- 
ployed may vary widely but should preferably be 
sufficient to keep the viscosity of the reaction me- 
dium, low enough to allow adequate stirring. Gen- 
erally the solvent or diluent will be present in an 
amount which is sufficient to provide a weight ratio 
between diluent or solvent and all the monomers 
added during the polymerization process in the 
range of from 3:1 to 25:1 and preferably from 5:1 
to 10:1. 

The preparation of the block copolymers as 
described hereinbefore is preferably conducted at 
a temperature in the range of from -20 to 150 *C 
and more preferably from 20 to 1 00 * C. 

The manner wherein the monomers to be 
copolymerized are introduced in the reactor varies 
strongly with the nature of the block copolymer to 
be prepared. Should the finally desired block 
copolymer be a two-block copolymer, i.e. a block 
copolymer comprising a saturated polyolefinic 
block and attached thereto a second polymer 
block, the monomer or related monomers required 
for the preparation of the second block may be 
added at the beginning of the copolymerization. 
Should, however, the block copolymer to be pre- 
pared during the copolymerisation comprise more 
than two polymer blocks, the monomer or mon- 
omers required for each individual block may be 
added sequentially. 

Should it be desirable, with the preparation of 
the block copolymers as discussed hereinbefore, to 
prepare block copolymers having specific 
polyolefinic blocks, then this can conveniently be 
accomplished by selecting a metallated polyolefin 
of the present invention having the required 
polyolefin characteristics. 

The saturated polyolefin blocks containing 
block copolymers prepared in the presence of the 
metallated polyolefin initiators described herein- 



before, are novel compounds. 

After the desired block copolymer has been 
prepared the polymerization is terminated. In the 
context of this specification, the term "termination" 
5 refers either to the so-called killing of the living 
polymer, which means the removal of the active 
alkali metal with a terminating agent as e.g. water, 
acid, alcohol, benzaldehyde, hydrogen or trimethyl 
silicium chloride, or to the coupling of two or more 
70 living block copolymers by means of a coupling 
agent so as to produce a linear or a radially 
branched product. 

Both termination techniques are generally 
known in the art. 
75 A wide variety of coupling agents, which are 

known in the art, can be employed, such as mul- 
tivinylaromatic compounds (e.g. divinylbenzene), 
multiepoxides, multiisocyanates, multiimines, mul- 
tialdehydes, multiketones, multianhydrides, mul- 
20 tiesters which are the esters of polyalcohols with 
monocarboxylic acids or esters of polyacids with 
monohydric alcohols, the diesters which are esters 
of monohydric alcohols with dicarboxylic acids, 
monoesters, multihalides, carbon monoxide, carbon 
25 dioxide and polyfunctional halogen compounds 
(e.g. silicon tetrachloride, stannous tetrachloride 
and dibromoethane). The most preferred coupling 
agents include the divinyl benzenes, diethyl ad- 
ipate, silicon tetrachloride and dibromo ethane. 
30 For the purpose of coupling, one equivalent of 

coupling agent per equivalent of alkali metal is 
considered an optimum amount for maximum cou- 
pling. Any range of treating agent can be em- 
ployed, depending on the degree of coupling de- 
35 sired. Generally, 0.5 to 1.5 equivalents of coupling 
agent per equivalent of alkali metal are employed. 

The coupling agent can be added neat or al- 
ternately added in an inert hydrocarbon solution, 
such as in cyclohexane. The coupling agent can be 
40 added in one batch, incrementally or continuously. 
The coupling reaction normally is conducted at the 
same temperature as employed for the polymerisa- 
tion. The time for the coupling reaction can range 
from a few minutes to several hours, preferably 
45 from 1 min. to 30 min. The reaction mixture is 
agitated during the coupling reaction. 

After the termination of the polymerization the 
polymer is recovered by methods known in the art. 
In one suitable method water, steam or alcohol is 
so added to the polymer mixture in order to 
precipitate the polymer and subsequently the poly- 
mer is separated from the alcohol or water and 
diluent by any suitable means such as decantation 
or filtration. Advantageously an antioxidant, such as 
55 2,6-di-t-butyl-4-methyl-phenol, may be added to 
the polymer mixture prior to the precipitation of the 
polymer. A preferred method to recover the poly- 
mer from the solution is steam stripping. Finally, 
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the polymer is dried. 

The block copolymers obtained according to 
the present invention may be compounded by 
methods known in the art with engineering thermo- 
plastics, fillers, dyes, pigments, softeners and/or 
reinforcing agents and optionally curing or crosslin- 
king agents. In manufacturing finished articles, the 
polymer can be moulded or extruded. 

In addition to their use for the preparation of 
block copolymers, the polyolefins of the present 
invention may also be directly contacted with a 
coupling agent, e.g. following the procedure as 
described hereinbefore, to arrive at linear coupled 
or star-shaped polyolefinic compounds. 

Other possible outlets for the metallated 
polyolefins of the present invention are reactions 
with alkylene oxides, such as for example ethylene 
oxide, propylene oxide and butadiene monoxide, as 
well as with carbon dioxide. 

The invention will be further illustrated with the 
following examples which should, however, not be 
considered as limiting the scope of the invention or 
the manner wherein it may be practiced, and for 
which the following information is provided, 
a) General Information 

All experiments were conducted under rigorous 
exclusion of moisture and air and in an inert 
atmosphere, e.g. N 2 or Ar, by means of Schlenk 
techniques or the use of dry-boxes. All glass- 
ware used was dried in an oven at 120 °C 
before use. All solvents were distilled from 
sodium-benzophenone before use. 
°) Preparation of atac tic propene oligomers 

(APO) " ~ 

Atactic propene oligomers were prepared by 
catalytic propene oligomerization with a homo- 
geneous Cp2ZrCI 2 /MAO catalyst. APO of a par- 
ticular molecular weight can be obtained by 
tuning catalyst and reaction conditions. Prior to 
use, the catalyst and solvent were removed from 
the APO (M n = 700) by washing procedures 
after which the oligomer was dried over freshly 
cut Na-wire. The very low molecular weight the 
APO (M n = 230) was isolated by vacuum dis- 
tillation of a crude reaction mixture and collect- 
ing the low-boiling components, 180 °C/5mBar. 

c) Monomers used 

Styrene and isoprene were of a quality as re- 
quired in normal anionic polymerization. In the 
case of a t-butylmethacrylate the stabilizer was 
removed before use. 

d) The following analytical tools and techniques 
were used to identify the reaction products: 

1) NMR spectra, which were run as CDCb 
solutions on a Varian or a Bruker apparatus, 
operating' at 200, 300 or 400 mHz; 

2) Molecular weights of the block copolymers 
were determined with the aid of a gel perme- 



ation chromatograph (GPC) calibrated against 
polystyrene, using tetrahydrofuran as the 
eluant; 

3) Gas chromatography (CC) was conducted 
5 on a Hewlett Packard Series II 5870; 

4) Infrared spectroscopy was conducted on a 
Digital FTS Qualimatic; 

5) Determination of the degree of metallation. 
The degree of metallation of the APO species 

io was determined by means of the following 

procedure: Taking the intensely coloured re- 
action mixture resulting from the reaction of 
n-BuLi and APO in hexane, it was cooled to 
-50 *C whereupon, in a single addition, 
is Me 3 SiCI was added in a more than equimolar 

amount with respect to the amount of n-BuLi 
employed. The temperature of the thus ob- 
tained mixture was allowed to increase to 
room temperature (± 20 *C). After approxi- 

20 mately 15 minutes a sufficient amount of 

water was added and mixed in to effect 
phase separation, resulting in two clear 
phases of more or less equal volume. The 
organic upper layer was separated from the 

25 water layer and washed with two portions of 

water. Subsequently the hexane layer was 
dried over MgSO*. filtered, and the volatiles 
removed under vacuum at 50 *C. A light- 
yellow viscous oil remained. 1 H- and 

30 13 C— NMR showed this oil to be an atactic 

propene oligomer equivalent to the original 
atactic propene oligomer except for the fact 
that the vinylidene methyl group was trans- 
formed into a — CH 2 SiMe 3 group. The ratio of 

35 the former vinylidene methyl group to the 

new vinylidene — CH 2 SiMe 3 group was taken 
as a measure for the degree of metallation. 

Preparation of APO~Li+ containing comp osition 

40 ' ~ — 

Example I 

In a 40 ml Schlenkvessel, 1.0 g of APO (M n 
230, determined by 'H-NMR) was dissolved in 15 

45 ml of hexane. To this solution 1.1 g of finely 
powdered KO-t-Bu were added under vigorous stir- 
ring. To the resulting white suspension 4.7 ml of a 
1.6n solution of n-BuLi in hexane were added. After 
4 hours the intensely coloured reaction mixture was 

so cooled to -40 *C and reacted with 1 ml of 
tetrahydrofuran (THF), and allowed to stir for 30 
minutes at room temperature to destroy selectively 
the excess of n-BuLi. Analysis following the herein- 
before described procedure and for which the col- 

55 oured reaction mixture before treatment with THF 
was taken, indicated that more than 97% of the 
original vinylidene group containing atactic propene 
oligomer species had been lithiated. No other pro- 
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ducts resulting from reaction of the atactic propene 
oligomer could be detected in quantifiable amounts 
by NMR techniques. 

Example II 



The procedure of Example I was repeated with 
the exception that the APO having a M n = 230 was 
replaced with an APO having a M n = 700. Analysis 
again indicated that more than 97% of the APO 
species had been lithiated. 

Example III 

Preparation of an APO-polyisoprene dib lock 
copolymer 

A solution of lithiated APO as prepared follow- 
ing the procedure as described in Example I and in 
an amount corresponding with 1 g of APO, was 
cooled to -40 *C and reacted with 3.0 ml (30 
mMol) of isoprene. All isoprene was added in one 
shot while the reaction mixture was thoroughly 
stirred and maintained at a temperature below -25 
*C. After completion of the addition, the reaction 
mixture was allowed to warm to room temperature 
over 30 minutes and stirred for another 2 hours. 
After this period of time the reaction mixture was 
cooled to -40 *C, terminated with 1 ml of Me 3 SiCI 
and was subsequently warmed to room tempera- 
ture during 15 minutes and stirred for another 15 
minutes at this temperature. The resulting solution 
was treated with H 2 0. The hexane layer was sepa- 
rated from the water layer and dried over MgS04. 
Hereafter the hexane layer was filtrated to remove 
the drying agent, the hexane evaporated of and the 
formed product isolated. Characterization by GPC, 
NMR, and IR showed the product to be an APO- 
polyisoprene diblock. CC analyses of the crude 
reaction solution did not show the presence of APO 
which was observed in the starting APO material. 
"M n isoprene block « 520. 

Example IV 

Preparation of an APO-poly(t-butylmethacrylate) 
diblock copolymer 

The APO-poly(t-butylmethacrylate) diblock 
copolymer was prepared following the procedure 
described in Example III with the exception that 
14.5 mmol of t-butylmethacrylate replaced the iso- 
prene, and was added to the reactor at -10 °C. 
After removal of the cooling bath and the reactor 
temperature had reached room temperature, stir- 
ring was continued for 1.5 hours; 1.1 g of benzal- 
dehyde was used instead of MeaSiCI for termina- 
tion of the block copolymer, and finally the hexane 



layer was washed with an aqueous 5% NaHC03 
solution instead of water. Analysis confirmed the 
reaction product to be the desired diblock 
copolymer M n t-butylmethacrylate block « 470. 

5 

Example V 

The procedure of Example IV was repeated but 
employing a lithiated APO solution based on 1 g of 

70 APO having a M n = 700, as prepared in Example 
II. Moreover the t-butylmethacrylate was added at 
-40 *C while stirring at room temperature was 
conducted during 2 hours, and 0.4 g of benzal- 
dehyde was used for the capping operation. Sub- 

75 sequent to the benzaldehyde addition stirring was 
continued for 30 minutes. Analysis confirmed the 
reaction product to be the desired diblock 
copolymer wherein M n poly(t-butylmethacrylate) 
block « 450. 

20 

Example VI 

Preparation of an APO-polystyrene diblock 
copolymer 

25 

The procedure of Example V was repeated 
with the exception that t-butylmethacrylate was re- 
placed with 2 ml of styrene, which was added to 
the reactor at -78 * C and was followed by stirring 

30 at said temperature for 1.5 hours, whereupon the 
cooling bath was removed and the temperature 
was allowed to increase to room temperature, at 
which temperature stirring was continued for 30 
minutes. For the capping operation 2 ml of Me3SiCI 

35 was employed instead of benzaldehyde, while wa- 
ter was used for washing the hexane layer. The 
final analysis confirmed the reaction product to be 
the desired diblock copolymer. fA n styrene block « 
400. 

40 

Example VII 

Preparation of an APO-polyisoprene-poly(t-buty- 
Imethacrylate) triblock copolymer 

The procedure of Example III was repeated 
with the exception that upon completion of the 
isoprene polymerization step the reaction mixture 
was again cooled to -40 W C and 14.0 mmol of t- 

50 butylmethacrylate was added and mixed in. Subse- 
quently the cooling was removed and the reaction 
mixture was allowed to reach room temperature. 
After reaching room temperature, the mixture was 
stirred for another 1.5 hours, cooled to -40 *C and 

55 reacted with 1.1 g of benzaldehyde. Over 30 min- 
utes the reaction mixture was allowed to reach 
room temperature after which the product was iso- 
lated as specified in examples 4 and 5. 
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Subsequent analysis confirmed the reaction 
product to be the desired tribiock copolymer 
wherein the M n polyisoprene block » 520 and M ft 
poly (t-butylmethacry late) block « 350. 

Example VIII 

Preparation of an APO-poly(isoprene) diblock 
copolymer 

APO (M n = 1500), 2.0 grams (1.3 mMol), were 
dissolved in dry hexane, 1.1 grams of KO-t-Bu 
were added and subsequently 4.7 ml of 1 .6 n BuLi. 
The reaction mixture was stirred for 18 hours at 
room temperature and 5 ml of dry thf were added. 
The solution was warmed to 35 *C and 20 ml of 
isoprene were added in one shot. No measures 
were taken to keep the temperature at 35 S C. After 
1 8 hours reaction the reaction mixture was reacted 
with 5 ml of Me 3 SiCI stirred for 15 minutes, treated 
twice with water, and dried over anhydrous MgSCM- 
After removal of the drying agent by filtration the 
volattles were removed under vacuo to afford 16.2 
grams of APO-poiyisoprene block copolymer. 

According to GPC and 'H-NMR analysis, a 
diblock copolymer was obtained, containing a 
polyisoprene block of M n = 10000. 

Example IX 



Prepa ration of a star block copolymer on basis of 
APO with M n = 9000 and divinylbenzene 

APO (M n = 9000), 2.0 grams (0.22 mMol), 
were dissolved in dry hexane, 1.1 grams of KO-t- 
Bu were added and subsequently 4.7 ml of 1.6 n 
BuLi. The reaction mixture was stirred for 3.5 days 
at room temperature and 5 ml of dry thf were 
added. The solution was stirred for 15 minutes and 
subsequently reacted with 300 mg of divinylben- 
zene. After additional stirring for 18 hours, the 
reaction mixture was reacted with MesSiCI for 12 
hours, washed with water and dried over MgS04- 
After removal of the drying agent by filtration, the 
volatiles were removed under vacuo to afford 2.1 
grams of material, which according to GPC, 1 H- 
NMR and 13 CNMR analysis showed the desired 
structure. 

Claims 

1. Alkali metal-metallated polyolefins based on 
one or more aliphatic monoalpha-olefins, hav- 
ing a number average molecular weight in the 
range of from 175 to 250000, and preferably 
from 1000' to 50000 and containing an allyl 
anion with an alkali metal counter ion, wherein 
the allyl anion is based on a vinylidene group 



which is contained in a terminal monomer unit 
of individual polyolefin molecules, or originates 
therefrom. 

5 2. Polyolefins as claimed in claim 1, wherein the 
aliphatic monoalpha-olefins have from 2 to 18 
carbon atoms per molecule, and most prefer- 
ably from 2 to 4. 

to 3. Polyolefins as claimed in claim 1 or 2, wherein 
the polyolefins are polyolefin homopolymers. 

4. Polyolefins as claimed in claim 3, wherein the 
polyolefin homopolymers are polypropene 

75 homopolymers, and preferably atactic poly- 

propene homopolymers. 

5. Polyolefins as claimed in any one of claims 1 
to 4, wherein the alkali metal counter ion is a 

20 lithium counter ion. 

6. A process for the preparation of the alkali 
metal-metallated polyolefins as claimed in 
claim 1, which comprises contacting a 

25 polyolefin having at least a vinylidene group in 

a terminal monomer unit of the polyolefin chain 
or originating therefrom, with an organo-alkali 
metal compound in the presence of potassium 
tertiary butoxide or a tertiary amine in an inert 

30 hydrocarbon solvent. 

7. A process for the preparation of block 
copolymers containing at least a saturated 
polyolefin block via an anionic polymerization 

35 procedure, which comprises polymerizing an 

anionically polymerizable monomer in the 
presence of an organo-alkali metal initiator 
compound and at least an inert solvent, 
wherein the organo-alkali metal initiator com- 

40 pound comprises a metallated polyolefin as 

claimed in any one of claims 1 -5. 

8. A process as claimed in claim 7, wherein the 
metallated polyolefin initiator is added as a 

45 solution in a hydrocarbon solvent. 

9. A process as claimed in claim 8, wherein the 
solution has been obtained by submitting the 
reaction mixture resulting from the polyolefin 

so metallation procedure to a thermal or chemical 

treatment to destroy selectively the excess 
metallating reagent therein. 

10. A process as claimed in claim 9, wherein the 
55 excess metallating reagent had been de- 
stroyed selectively by stirring said solution with 
an at least equimolar quantity of 
tetrahydrofuran with respect to that of the 
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organo-alkali metal originally added. 

11. A process as claimed in any one of claims 7- 
10, wherein the polymerizable monomer is an 
olefinically unsaturated compound selected 5 
from the group consisting of monoalkylene ar- 
enes, conjugated dienes and (meth)acrylic acid 
based monomers. 

12. A process as claimed in any one of claims 7- 10 
10, wherein the polymerization initiator is em- 
ployed in an amount in the range of from 1 to 
1000 milli-equivalents of alkali metal per 100 g 

of total monomer, and preferably from 5 to 1 00 
milli-equivalents per 100 g of monomer. 75 

13. A process as claimed in any one of claims 7- 
12, which is conducted at a temperature in the 
range of from -20 °C to 150 *C, and prefer- 
ably in the range of from 20 *C to 100 "C. 20 

14. Block copolymers containing at least a satu- 
rated polyolefin block whenever prepared ac- 
cording to a process as claimed in any one of 
claims 7-13. 25 
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